ALKALINE STORAGE BATTERY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to alkaline storage batteries. 

2. Description of the Related Art 

An enclosed alkaline battery using a battery case often is used as a 
power source for large scale power, for example, a power source of electric 

10 cars or hybrid cars. In such an enclosed alkaline battery, when an 

electrolyte or a gas component permeates through the battery case and leaks 
out, the characteristics deteriorate significantly In order to prevent this 
leakage, in general, a battery case made of a metal is used. 

However, it is difficult to form the battery case made of a metal into 

15 an arbitrary shape, and the battery case made of a metal is heavy. On the 
other hand, although a battery case made of a resin can be processed easily 
and is light, vapor or oxygen gas or hydrogen gas can permeate through the 
battery case easily. In particular, in a nickel- metal hydride battery using a 
hydrogen-absorbing alloy, when the amount of the hydrogen in the battery 

20 case is reduced by the hydrogen permeating through the battery case, the 

capacity balance between the positive electrode and the negative electrode is 
broken, which may deteriorate the characteristics significantly. 

In order to solve this problem, a method for forming a metal layer on 
the surface of a battery bath made of a resin is proposed (Japanese Patent No. 

25 3049854). However, this method is not preferable, for example, in view of 
the possibility of short-circuiting because the metal layer is exposed at the 
surface of the battery case. 

SUMMARY OF THE INVENTION 
30 Therefore, with the foregoing in mind, it is an object of the present 

invention to provide an alkaline storage battery including a battery case 
made primarily of a resin and having reduced deterioration of the battery 
characteristics. 

In order to achieve the above object, a first alkaline storage battery of 
35 the present invention includes a battery case and a group of electrodes 

arranged in the battery case and is characterized in that the battery case 
includes a resin case and a coating layer made of a resin formed on at least 
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one surface selected from an inner surface and an outer surface of the resin 
case, and the hydrogen permeability coefficient of the resin that is the 
material of the coating layer is 1 x 10 ~ 15 mol m/m 2 sec Pa or less. In this 
alkaline storage battery, the coating layer made of a resin having a low 
5 hydrogen permeability coefficient is formed so that hydrogen gas or the like is 
suppressed from permeating through the battery case to the outside, and 
therefore the deterioration of the characteristics can be suppressed. 

The hydrogen permeability coefficient can be measured using a 
general method. The values of the hydrogen permeability coefficient 
10 described in the examples of this specification are obtained as a result of 
measurement using a method defined in the method A of JIS-K7126 and 
setting the test temperature to 40°C. 

In the first alkaline storage battery, it is preferable that the resin of 
the coating layer is at least one resin selected from the group consisting of 
15 polyvinyl alcohol, ethylene -vinyl alcohol copolymer, polyacrylonitrile and 

polyvinylidene chloride. These resins are preferable because their hydrogen 
permeability coefficients are sufficiently low. 

In the first alkaline storage battery, it is preferable that the resin case 
is made of a polymer alloy of polypropylene and polyp he nylene ether. 
20 According to this embodiment, a resin case having excellent strength, 

moldability, chemical resistance, and weather resistance can be obtained. 

In the first alkaline storage battery, it is preferable that the thickness 
of the coating layer is in the range from 5 ^m to 100 pun. 

In the first alkaline storage battery, it is preferable that the hydrogen 
25 permeability of the coating layer is 1 x 10 - 11 mol/m 2 sec Pa or less. 

In the first alkaline storage battery, the coating layer may be formed 
on an outer surface of the resin case. The above alkaline storage battery 
may include a multilayered film formed on the at least one surface, and the 
multilayered film may include the coating layer. 
30 In the first alkaline storage battery, it is preferable that the 

multilayered film is integrated with the resin case by insert molding or 
two-color molding. According to this embodiment, the adhesion between the 
multilayered film and the resin case can be enhanced. 

In the first alkaline storage battery, it is preferable that the 
35 multilayered film includes a surface layer made of a water resistant resin. 
According to this embodiment, an alkaline storage battery having 
particularly reduced deterioration of the battery characteristics under high 
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humidity can be obtained. 

In the first alkaline storage battery, it is preferable that the 
multilayered film includes a layer containing the same resin as a resin 
constituting the resin case on a surface in contact with the resin case. 
5 According to this embodiment, the multilayered film can be suppressed from 
being detached from the resin case. 

A second alkaline storage battery of the present invention includes a 
battery case and a group of electrodes arranged in the battery case and is 
characterized in that the battery case includes a resin case and a 

10 multilayered film formed on at least one surface selected from an inner 
surface and an outer surface of the resin case, and the multilayered film 
includes a surface layer made of a resin and a metal layer disposed between 
the surface layer and the resin case. In this alkaline storage battery, the 
metal layer formed on the surface of the resin case of the multilayered film 

15 can suppress hydrogen gas or the like from permeating through the battery 
case to the outside, and therefore an alkaline storage battery having reduced 
deterioration of the battery characteristics can be obtained. 

In the second alkaline storage battery, it is preferable that the 
multilayered film further includes a resin layer disposed between the metal 

20 layer and the resin case. It also is preferable that this resin layer contains 
the same resin as the resin constituting the resin case. According to this 
embodiment, the metal layer is prevented from being detached from the resin 
case. 

In the second alkaline storage battery, it is preferable that the 
25 multilayered film is integrated with the resin case by insert molding. 

In the second alkaline storage battery, it is preferable that the resin 
case is made of a polymer alloy of polypropylene and polyp henylene ether. 

In the second alkaline storage battery, it is preferable that the metal 
layer is made of aluminum. According to this embodiment, a lightweight 
30 and relatively inexpensive alkaline storage battery can be obtained. 

As described above, the alkaline storage battery of the present 
invention includes a battery case body formed primarily of a resin and a 
coating layer with which the battery case body is coated, and the hydrogen 
permeability coefficient of the coating layer is small. By using the battery 
35 case body formed primarily of a resin, an alkaline storage battery having high 
safety and a small weight and an arbitrary shape can be produced. 
Furthermore, the coating layer having a small hydrogen permeability 
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coefficient makes it possible to suppress the deterioration of the 
characteristics. The present invention can be applied to alkaline storage 
batteries such as a nickel-metal hydride battery or a nickel-cadmium storage 
battery. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A shows a top face of an alkaline storage battery of the present 
invention, and Fig. IB shows the side face thereof. 
10 Fig. 2 shows a partial cross-section of the alkaline storage battery 

shown in Fig. 1. 

Fig. 3 shows a cross-section of a group of electrodes of the alkaline 
storage battery shown in Fig. 1. 

Fig. 4 shows a partial cross-section of an example of the body of a 
15 battery case of the alkaline storage battery of the present invention. 

Fig. 5 shows a partial cross-section of another example of the body of 
a battery case of the alkaline storage battery of the present invention. 

Fig. 6 shows a partial cross-section of yet another example of the body 
of a battery case of the alkaline storage battery of the present invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be described 
with reference to the accompanying drawings. 

25 Embodiment 1 

In Embodiment 1, an example of an alkaline storage battery of the 
present invention will be described. Fig. 1A is a top plan view of an alkaline 
storage battery 10 of Embodiment 1, and Fig. IB is a side view thereof. 

The alkaline storage battery 10 is provided with a battery case 12 

30 including a battery case body 11 and a lid 11a enclosing the battery case body 
11. A safety valve 13, a lid 14 with a communicating hole and a temperature 
sensor mounting hole 15 are provided in the lid 11a. Two terminals 16 are 
provided in the battery case body 11. The safety valve 13 is open when the 
internal pressure in the battery case 12 reaches a predetermined value or 

35 more, and the gas inside is released so as to reduce the internal pressure in 
the battery case 12. A plurality of protrusions are formed on the surface of 
the battery case body 11 in order to improve the heat release properties when 
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a plurality of alkaline storage batteries 10 are arranged while being attached 
tightly to each other. Fig. 2 is a partial cross-sectional view taken along line 
I-Iof Fig. 1A. 

The internal portion of the battery case body 11 is partitioned into six 
5 compartments by partitions lib. A group of electrodes 20 and an electrolyte 
(not shown) are disposed in each compartment. The group of electrodes 20 
and the electrolyte constitute a cell 17. In other words, the alkaline storage 
battery 10 is provided with six cells 17. The lid 14 with a communicating 
hole makes it possible to balance the internal pressure in the cells 17. 

10 Fig. 3 is a cross-sectional view of the group of electrodes 20. The 

group of electrodes 20 includes a separator 21, a positive plate 22 and a 
negative plate 23 that are laminated alternately with the separator 21 
interposed therebetween, a collector 24 connected to the positive plate 22 and 
a collector 25 connected to the negative plate 23. As shown in Fig. 2, the 

15 collectors 24 and 25 are connected to the terminal 16 or a connection terminal 
26. The collector 25 of the cell 17 is connected to the collector 24 of the 
adjacent cell 17 via the connection terminal 26. Thus, the cells 17 are 
connected in series. 

For the separator 21, a commonly used separator can be used, and for 

20 example, a polypropylene nonwaven fabric that has been treated so as to be 
hydrophilic can be used. For the positive plate 22 and the negative plate 23, 
an electrode plate that is commonly used for an alkaline storage battery can 
be used. For example, the positive plate 22 can be produced by applying a 
paste containing nickel hydroxide as an active material to a conductive 

25 support member so as to produce a sheet, and then drying, rolling and cutting 
this sheet. The negative plate 23 can be produced by applying a paste 
containing a hydrogen-absorbing alloy or cadmium hydroxide to a conductive 
support member so as to produce a sheet, and then drying, rolling and cutting 
this sheet. 

30 Next, the battery case body 11 will be described. The battery case 

body 11 includes a resin case, and a coating layer made of a resin formed on 
at least one surface selected from the inner surface and the outer surface of 
the resin case. Fig. 4 shows a partial cross-section of a battery case body 41 
in which a coating layer is formed on the outer surface of a resin case as an 

35 example of the battery case body 11. 

Referring to Fig. 4, the battery case body 41 includes a resin case 42 
and a coating layer 43 that is formed on the outer surface of the resin case 42. 
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The resin case 42 is a case made of a resin or a case made primarily of a resin. 
The thicker the resin case 42 is, the higher the strength is and the lower the 
gas permeability is, but in this case, the weight becomes larger. When the 
resin case 42 is thick, the heat release properties of the battery deteriorate. 
5 For this reason, in general, the average thickness of the resin case 42 is about 
1 mm to 3 mm. The resin case 42 is formed of a resin, such as polypropylene 
(PP) alone, or a polymer alloy of polypropylene (PP) and polyphenylene ether 
(PPE). 

The coating layer 43 can be formed of a resin (hereinafter, also 

10 referred to as "resin A"). The hydrogen permeability coefficient of the resin A 
is 1 x 10 ~ 15 mol m/m 2 sec Pa or less, and preferably 1 x 10 ~ 17 
mol-m/m 2 *secPa or less. For the resin A, at least one resin selected from the 
group consisting of polyvinyl alcohol (PVA), ethylene-vinyl alcohol copolymer 
(EvOH), poly aery lonitrile (PAN) and polyvinylidene chloride (PVDC) can be 

15 used. The thickness of the coating layer 43 is in the range from 5 pm to 100 
pm, and preferably in the range from 10 pm to 50 pm. The coating layer 43 
may be coated with an additional coating layer. The hydrogen permeability 
of the coating layer 43 is expressed by an equation (hydrogen permeability) = 
(hydrogen permeability coefficient) / (thickness). It is preferable that the 

20 hydrogen permeability of the coating layer 43 is 2 x 10 " 10 mol/m 2 sec Pa or 
less, more preferably 1 x 10 ~ n mol/m 2 sec-Pa or less. 

Next, a battery case body 51 in which a multilayered film including a 
coating layer is formed on the outer surface of a resin case will be described 
as another example of the battery case body 11 with reference to Fig. 5. In 

25 this case, the battery case body 51 includes a resin case 42 and a 

multilayered film 53 formed on the outer surface of the resin case 42. The 
resin case 42 is the same as the resin case 42 described above. The 
multilayered film 53 includes a first layer 53a, a second layer 53b and a third 
layer 53c that are arranged in this order from the resin case 42 side. It is 

30 preferable to use a material having a high adhesion to the resin case 42 as 
the material of the first layer 53a, and the material preferably contains a 
resin constituting the resin case 42. There is no limitation regarding the 
thickness of the first layer 53a, but it is for example, about 20 pm to 70 pm. 
The second layer 53b is made of the same material (resin A) as the 

35 above-described coating layer 43, and has the same thickness. The third 
layer 53c has weather resistance and chemical resistance and is formed in 
order to protect the second layer 53b. The third layer 53c, which is the 
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surface layer, preferably is formed of a moisture resistant resin, and for 
example, can be formed of polypropylene (PP). There is no limitation 
regarding the thickness of the third layer 53c, but it is for example, about 20 
pm to 70 pm. It is sufficient that the multilayered film 53 contains the 
5 second layer 53b having a small hydrogen permeability coefficient and there 
is no limitation regarding the number of layers. 

Next, the lid 11a will be described. The lid 11a can be formed of the 
same material as the resin case 42. There is no limitation regarding the 
thickness of the lid 11a, but in general, the average thickness is about 2 mm 

10 to 4mm. It is preferable that the coating layer 43 or the multilayered film 53 
also is formed in the lid 11a. However, since the lid 11a generally is thicker 
than the resin case 42, hydrogen or the like permeates through the lid only to 
a small extent, even if the coating layer is not formed. 

In the alkaline storage battery of the present invention, it is 

15 preferable that a coating layer having a low hydrogen permeability coefficient 
is formed on the entire surface of the battery case body. However, even if the 
coating layer is not formed on the entire surface, a sufficient effect can be 
obtained if the coating layer is formed on a portion in which the thickness of 
the resin case is small and through which hydrogen permeates easily. 

20 Hereinafter, a method for producing the alkaline storage battery of 

the present invention will be described. The alkaline storage battery of the 
present invention can be produced in the same manner as when producing a 
commonly used alkaline storage battery except for how to produce the battery 
case body. Therefore, a method for producing the battery case body will be 

25 described. 

First, a method for producing the battery case body 41 will be 
described. The resin case 42 can be produced by a commonly used method, 
such as injection molding. The coating layer 43 can be formed by applying a 
resin solution that is the material of the coating layer 43 to the outer surface 

30 of the resin case 42 and drying the resin solution. The application and the 
drying can be repeated. 

Next, a method for producing the battery case body 51 in which the 
coating layer is formed on the inner surface of the battery case body will be 
described. The battery case body 51 can be formed by insert molding or 

35 two-color molding. More specifically, the multilayered film 53 is disposed 
inside the mold, and then a resin that is the material of the resin case 42 is 
injected for molding, so that the battery case body 51 in which the 
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multilayered film 53 is integrated with the inner surface of the resin case 42 
can be produced. 

As described above, in the alkaline storage battery of Embodiment 1, 
the battery case body including the resin case and the coating layer having a 
5 small hydrogen permeability coefficient that is formed on the surface of the 
resin case are used. In this case, the hydrogen permeability of the battery 
case body provided with one coating layer is expressed by Equation 1 below. 
Equation 1 

1 / (the hydrogen permeability of the battery case body) = 1 / (the 
10 hydrogen permeability of the resin case) + 1 / (the hydrogen permeability of 
the coating layer) 

Therefore, the hydrogen permeability of the battery case body can be 
reduced significantly by forming the coating layer having a low hydrogen 
permeability. In Embodiment 1, the hydrogen permeability has been 
15 described, but gas other than hydrogen such as oxygen or an electrolyte 

hardly permeates the coating layer having a low hydrogen permeability, so 
that this embodiment can provide an effect of preventing permeation of these 
substances. 

20 Embodiment 2 

In Embodiment 2, another example of an alkaline storage battery of 
the present invention will be described. The alkaline storage battery of 
Embodiment 2 is different only in the coating layer formed on the battery 
case body from the alkaline storage battery described in Embodiment 1, so 

25 that duplicate description will be omitted. 

The battery case body of Embodiment 2 includes the resin case 42 
described in Embodiment 1, and the multilayered film formed on at least one 
surface selected from the inner surface and the outer surface of the resin case 
42. The multilayered film includes a surface layer made of a resin and a 

30 metal layer disposed between the surface layer and the resin case 42. In 
other words, the multilayered film that coats the resin case 42 includes a 
metal layer, and the surface layer made of a resin prevents the metal layer 
from being exposed to the surface. 

Fig. 6 shows an enlarged view of a part of a battery case body 61 in 

35 which a multilayered film 63 is formed on the outer surface of the resin case 
42 as an example of the battery case body of Embodiment 2. The 
multilayered film 63 includes a surface layer 63c made of a resin, a metal 



layer 63b disposed between the surface layer 63c and the resin case 42, and a 
layer 63a disposed between the metal layer 63b and the resin case 42. The 
surface layer 63c is a layer that prevents the metal layer 63b to be exposed, 
and for example, can be formed of a nylon resin or a polyolefin resin. It is 
5 preferable that the surface layer 63c is made of a moisture resistant resin. 
The metal layer 63b can be formed of, for example, aluminum or iron. The 
layer 63a is a layer for enhancing the adhesion between the multilayered film 
63 and the resin case 42, and it preferably contains the same resin as the 
resin constituting the resin case 42. For example, when the resin case 42 

10 contains polypropylene, the layer 63a can be formed of polypropylene. The 
thickness of the metal layer 63b is, for example, in the range from 5 pm to 
100 jim, preferably in the range from 20 pm to 50 jim. The thickness of the 
surface layer 63c is, for example, about 20 Jim to 70 pm. The thickness of 
the layer 63a is, for example, about 20 pm to 70 pm. 

15 The battery case body 61 can be produced by insert molding or 

two-color molding in the same manner as when producing the battery case 
body 51 of Embodiment 1. In this case, the multilayered film 63 is 
integrated with the resin case 42 by insert molding or two-color molding. 
There is no limitation regarding the number of layers constituting the 

20 multilayered film, as long as the object of the present invention can be 

achieved. In Fig. 6, the multilayered film 63 is formed on the outer surface 
of the resin case, but the multilayered film 63 can be formed on the inner 
surface of the resin case. Also in this case, the multilayered film 63 can be 
formed by insert molding or two-color molding. 

25 

Examples 

Hereinafter, the present invention will be described more specifically 
by way of example. 
Example 1 

30 In Example 1, a nickel-metal hydride battery was produced as an 

example of the alkaline storage battery of Embodiment 1. For the 
nickel-metal hydride battery of Example 1, the battery case body having the 
same structure as that of the battery case body 41 shown in Fig. 4 was used. 
For the separator 21, a sulfonated polypropylene nonwaven fabric 

35 was used. A positive plate containing nickel hydroxide was used for the 

positive plate 22 and a negative plate containing a hydrogen-absorbing alloy 
was used for the negative plate 23. For an electrolyte, an alkaline aqueous 
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solution having a specific gravity of about 1.3 that contains potassium 
hydroxide as the main solute was used. 

The resin case 42 of the battery case body was formed of a polymer 
alloy of polypropylene (PP) and polyphenylene ether (PPE) by injection 
5 molding. The hydrogen permeability coefficient of this polymer alloy was 4 x 
10 _15 mol m/m 2 sec Pa. The average thickness of the resin case was 1.5 mm. 

The coating layer made of ethylene -vinyl alcohol copolymer (EvOH), 
polyvinylidene chloride (PVDC), or polyvinyl alcohol was formed. More 
specifically, a solution in which these resins were dissolved in a solvent based 

10 on water or alcohol was applied onto the outer surface of the resin case and 
then dried, which process was repeated, so that the coating layer was formed. 
In order to enhance the adhesion between the resin case and the coating layer 
for all the samples, the surface of the resin case was subjected to an anchor 
coating treatment before the resin solution was applied in order to activate 

15 the surface. 

With the above members, three types of nickel-metal hydride 
batteries (capacity- 6.5 Ah) were produced. As a comparative sample A, a 
nickel-metal hydride battery that was different only in that no coating layer 
was formed was produced. Then, these four batteries were charged such 

20 that the state of charge (SOC) reached 80% and then were stored in an 
atmosphere at 65 °C for one month. Next, the amount of the discharge 
reserve of the negative electrode was measured with respect to the batteries 
that had been stored. Herein, "discharge reserve" refers to a negative plate 
capacity that is charged greater than a positive plate capacity. It seems that 

25 when hydrogen is released from the inside of the battery case to the outside, 
the partial pressure of hydrogen inside the battery case is reduced, so that 
hydrogen is released from the hydrogen-absorbing alloy and therefore the 
discharge reserve is reduced. When the negative plate capacity is reduced 
and becomes equal to the positive plate capacity or less (i.e., the discharge 

30 reserve is 0), the characteristics of the battery are deteriorated significantly. 

The discharge reserve was measured in the following manner. First, 
the battery was discharged until the voltage of the battery reached 1.0 V. 
Then, a hole was drilled on the upper portion of the battery and an electrolyte 
was refilled. Then, a Hg/HgO reference electrode was immersed in the 

35 electrolyte in the battery case. Then, the battery was overdischarged while 
the discharge capacity was measured. The discharge reserve was defined by 
an equation (the discharge reserve) = (the discharge capacity up to the point 
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when the potential difference obtained by subtracting the potential of the 
reference electrode from the potential of the negative electrode reaches -0.7 
V) — (the discharge capacity up to the point when the voltage of the cell 
reaches 0 V). Table 1 shows the thickness of the coating layer of each 
5 sample, the measurement results of the discharge capacity, and the hydrogen 
permeability coefficient of the resin constituting each coating layer. 



Table 1 



Sample No. 


material of 
coating layer 


thickness of 
coating layer 
[pm] 


discharge 
reserve [Ah] 


hydrogen 
permeability 
coefficient [mol* 
m/m 2 -secPa] 


Comparative 
Sample A 


No coating 
layer 




2.0 




Sample 1 


EvOH 


7 


2.4 


8X10" 18 


Sample 2 


PVDC 


5 


2.2 


1X10-1? 


Sample 3 


PVA 


10 


2.6 


6X10" 18 



10 

As shown in Table 1, the sample provided with the coating layer had 
a larger discharge reserve than that of Comparative Sample A. This means 
that a reduction in the discharge reserve was small, that is, the amount of 
hydrogen that permeates through the battery case to the outside was small. 

15 Thus, hydrogen was suppressed from permeating through the battery case by 
using the battery case in which the coating layer made of a resin having a 
small hydrogen permeability coefficient was formed. Furthermore, the 
permeation of hydrogen was suppressed further by applying and drying the 
resin solution so as to form the coating layer, and then performing a heat 

20 treatment at a temperature of 130 to 160°C so as to increase the crystallinity 
of the resin constituting the coating layer. 

Example 2 

In Example 2, a nickel-metal hydride battery was produced as an 
25 example of the alkaline storage batteries of Embodiments 1 and 2. 

First, multilayered films were formed. A multilayered film of sample 
4 has a layer structure of polypropylene (PP) / ethylene -vinyl alcohol 
copolymer (EvOH) / polyethylene (PE). A multilayered film of sample 5 has 
a layer structure of polypropylene (PP) / Al foil / nylon. As described in 
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Example 1, EvOH is a resin having a small hydrogen permeability coefficient. 
These multilayered films were formed by roll molding or injection molding. 

Then, the battery case body was produced by insert molding. First, 
the multilayered film as described above was disposed in a mold of the 
5 battery case body. Then a PP-PPE polymer alloy that is the material of the 
resin case was injected into the mold, so that the battery case body provided 
with the resin case and the multilayered film integrated with the outer 
surface of the resin case was produced. 

A nickel-metal hydride battery was produced in the same manner as 

10 in Example 1 except that the thus produced battery case body was used. As 
Comparative Sample B, a nickel-metal hydride battery was produced with a 
battery case body that was not provided with the multilayered film. Then, 
discharge, storage and measurement of the discharge reserve with respect to 
the produced nickel-metal hydride batteries were performed in the same 

15 manner as in Example 1. Table 2 shows the measurement results and the 
thickness of each layer of the multilayered film. In Table 2, the first layer is 
the layer attached to the resin case and the third layer is the surface layer. 

Table 2 

20 



Sample No. 


material of 
multilayered film 
first layer/second layer/ 
third layer 


thickness of 
each layer [pm] 


discharge reserve 
[Ah] 


Comparative 
Sample B 


No multilayered film 




2.0 


Sample 4 


PP/EvOH/PE 


70/20/30 


2.7 


Sample 5 


PP/A1 foil/nylon 


20/50/20 


3.7 



As shown in Table 2, Sample 4, which is an alkaline storage battery of 
Embodiment 1, and Sample 5, which is an alkaline storage battery of 
Embodiment 2, had a larger discharge reserve of Comparative Sample B. 
25 Thus, according to the alkaline storage batteries of the present invention, 
hydrogen is suppressed from permeating through the battery case to the 
outside. 

When Samples 1 and 3 of Example 1 were stored in an atmosphere at 
a temperature of 65°C under high humidity (humidity- 80%) for one month 
30 and then the discharge reserve was measured, the discharge reserve was 2.3 
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Ah to 2.4 Ah. On the other hand, Sample 4 of Example 2 was tested under 
the same conditions, the discharge reserve was unchanged from the case of a 
test under ordinary humidity. Therefore, it is preferable that the uppermost 
surface layer of a battery that is expected to be used in a high humidity 
environment is formed of a resin having a high water resistance. 

In Examples 1 and 2, the cases in which a resin having a small 
hydrogen permeability coefficient (the hydrogen permeability coefficient is 1 x 
10 - 17 mol-m /m 2 sec*Pa or less) was used were described. However, with a 
resin having a hydrogen permeability coefficient of 1 x 10 ~ 15 mol m/m 2 secPa, 
a sufficient effect can be obtained if the thickness of the coating layer is about 
100 pm (hydrogen permeability • 1 x 10 _n mol/m 2 sec-Pa). 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as illustrative 
and not limiting. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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